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The present invention relates 
composition comprising said 
printing plastic substrates, to , 
of producing a laminate 
independent claims. 



to a polyurethane resin for white inks, to a coating 
polyurethane resin, to the use of said polyurethane resin for 
method of producing a polyurethane resin and to a method 
a printed image, according to the preamble of the 



carrying 



Polyurethane resins are the b nders of choice in solvent borne coating compositions for 
Plastic films and in the paction of image carrying laminates. Laminates are multi- 
layered shaped articles in which - according to the needs of the final article -each of the 
layers consist either of the skme or of different materials. The preferred materials are 
paper, wood, textiles, metal aid plastic films. In the field of food packaging, the laminates 
are mostly made from plask or metal films, in particular metallized films or a 
combination of both. Rim materials are chosen such that the laminates can be subjected 
to stenhzation processes without deterioriation of the film and/or the laminate.-As a further 
advantage laminates impart t> prints or generally images a satisfying appearance with 
respect to gloss and color fastr ess. Generally laminates are produced by either joining two 
or more layers by means of ad lesives or by adhesive-free extrusion coating. Irrespective of 
the production process a print or generally any kind of image which does not necessarily 
have to be printed can be a PF lied to one or both of the layers prior to applying the next 
layer <R6rnpp Lexikon, Lackk und Druckfarben, ed. U.2orll, Georg Thieme Verlag 
Stuttgart,. New York 1 998, p.214 and 318). 

Coating compositions for laminates, which are mainly in the form of printing inks, have to 
satisfy high standards. The resin as the film forming part of the composition must provide 
the dried layer with the required adhesive strength both to the underlying substrate and to 
the adhesive or to the extruded layer. As a further requirement the resin must impart to the 
dried layer stability during arid after sterilization processes and/or treatment in boiling 
water even over a prolonged period of time (e.g. during food preparation). Further the 
dried layer must show blocking resistance and stability during sealing of the laminate (e.g 
.n the production of bags). The| composition - as a printing ink -must be printable in flexo 
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are known, for example, from EP-A-0 604 890, WO 



Suitable polyurethane resins 
01/14442 or WO 02/38643. 



It has now surprising* been found that poiyurethane resins as defined in the indeo H r 
dM. are particular* fevorable for «he preparation of white inks. ^ 

a?"" ~ m inVen " 0n T ated to 3 POlyUrethane "* *** > «**-". * 

a) reacbng an e*«ss of one or more aiiphatic diisocyanates with a group of 

socyanate^acnve components consisting of one or mo re polyether LZl It 
at least one d,am,ne so as to obtain a prepolymer; and 

adding a mixture of isJphorone diamine and a second diamine selected ftom the 
g^oup cons.st.ng of emyrenediamine. .^diaminocydohexane and 2 2 4- oT 7 4 4 
«d„a m ,nohexa,e (TMDA) in excess to the free NCO 
prepolymer obtained in step a). 5 P he 



b) 



According to the present i 
weights. When ranges are 



mveition 



given 



all molecular weights are weight average molecular 
., the respective boundaries are understood to be included. 

The term "aliphatic diisocyanate" is to b*» ..nWo«* r 

aliphatic, bran^ «JL~JL m " " ""^ 

as well as cycloaliphatic diisocyanates. Preferably, the 

4tr,methyl-1,6-d„socya ra tohexane, 1,10-diisocyanatodecane 13- and \\, 
pnorone dnsocyanate (IPDI)) 23-2 ^an^cj- 

9n , , „ ' Ul »*f* 2 ' ^ and 2,6-dnsocyanato-l-methyIcyclohexane 44' 

and 2,4'.diIsocyanatodicyclohexyImethane, 1-isocvanato 3/4/ ' 

/ » 'socyanato-3-(4)-isocyanatomethvl-1- 
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methyl- cyclohexane, 4,4'- 
or 2,2,4- or 2,4, 



T«H~| 1-81 



r-400 
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aod 



2 / 4'.d«isocyanatodJpheny!methane, and mixtures thereof, 
^tnmethyldiikieyanatohexane CTMDI). 



The polyetherpolyol components of A, polyurethane ^ of presem imenHm 
generally defined by the formula 



straig it 



wherein R is a C 2 to C, 0 
alkylene group comprising 2 
include polyethyleneether 
polytetramethylene ether 
present invention, the use of 
chosen such that the average 
2000 g/mol, preferably less 
especially preferred 



HO-j-RO-j^H 



chain or branched hydrocarbon group. Preferably, R is an 
o 4 carbon atoms. Examples of preferred polyether polyols 
lycols (PEG), polypropyleneether glycols (PPG) and 
Is (Poly-THF), or a mixture thereof. According to the 
'-THF is particularly preferred. In the above formula, n is 
molecular weight of the poiyether polyols is not more than 
1 500 g/mol, and more preferably 1000 g/mol or less. An 
polyetherjj»olyol of the present invention is Poly-THF 1 000. 



gly :ol 
Foly- 



than 



In the first step, as a further isicyanate-reactive component at least one diamine is added 
The diamine can be any alibhatic, cyclbaliphatic, aromatic, or heterocyclic diamine 
having primary or secondary aWno groups. According to the present invention, hydrazine 
.s not comprised by the Jroup of diamines. Example are ethylenediamine, 1,2- 
d,am.nopropan e/ 1,3-diaminkpropane, diaminobutane, hexamethylenediamine, 14- 
diaminocyclohexane, B-aminomethyl-S^S-trimethylcyclohexylamine (isophorone 
d.amine), m-xylylene diamine or 1,3-bis (amlnomethyl) cyclohexane. According to the 
present invention, isophorone diamine is particularly preferred. 

Optionally, in the first step as a further isocyanate-reactive component one or more 
polyols each having an average molecular weight of equal or less than 800 g/mol can be 
added. According to the present invention, the term polyol is to be understood to 
comprise chemical substances having at least two hydroxyl groups. According to the 

dZTl inVen "° n ; d, '°, ,S , SUC1 35 1^-hexanediol, neopentyl glycol, 

polyesterpolyols or the like are preferred as polyol 



dihydroxy polyetherpolyols, 
component. 



Eaipf ansszei t llJuli IS: 



01 



I 



It>:ut> 



vun -nepp nengsi « m 



SSIC080E? / 11.07.03 



The one or more diisocyanatis 
each other to form a first i 
or more diisocyanates is 
the present invention, the 
isocyanate-reactive components 
range of between 2:1 and 1,1 



reacted 



ratio 
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and the isocyanate-reactive components are reacted with 
isoiyanate-terminated prepolymer. Therefore, an excess of one 
w||h the i socyanate _ reaa . ve component5 According to 

of equivalent weights of diisocyanate components to 
is in a range of between 3,6: 1 and 1,1:1, preferably in a 

1. 



According to the present invention, the isocyanate-reactive components may be added in 
parallel or sequentially to mfe diisocyanate(s). In case of a sequential addition of the 
.socyanate-reactive components, it is preferred to first add the polyether polyol 
components are added, followed by the addition of the diamine component^) and 
optionally by the addition of the at least one polyol. 



The reaction is carried out under 
art According to a preferred 
solvent using well-known cata 



conditions which are well known to those skilled in the 
embodiment, the reaction is carried out in the presence of a 
ysts. 



Examples of suitable solvents 
propyl acetate, butyl acetate 
ranges from 0 to 90 percent 
percent by weight of the 



are alkyl acetates such as methyl acetate, ethyl acetate, 
and pentyl acetate. The total amount of solvent typically 
weight of the reaction mixture, preferably from 25 to 60 
reaction mixture. 



A catalyst may be advantageously employed to accelerate the reaction of diisocyanate 
with did. Suitable catalysts ari tin derivatives such as stannous octylate, stannous oxalate, 
^ibutyltin-dilau^ 

Organotitanium compounds sich as tetrabutytitanate, or mixtures thereof. 



Further additives may be 
(octadecyl-3,5-di-t-butyl-4.-hyd 



present 
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Formation of the isocyanaU^inated prepolymer is generally carrfed ' ' 
temperature ranging from Ot^SO-CD^h,^^:^ * ^ ° Ut at a 



temperature ranging from 0 tc 
reaction generally ranges fro 
hours. 



<=> •/ wucu out at a 

130-C, preferably ranging from SO to 90°C The time of the 

™ 3 Peri ° d ° f fr ° m 1 to " hours, preferably from 1 to 4 



The thus formed .socyanate, .rminated prepolymer is chain-extended with a mixture of 
.sophorone diamine (IPOA) znd second diamine selected from J 
ethytenediamine (EDA) 7 ^ amJ ! ** gr ° Up cons ^ng of 

<cuaj, i/2-diammocycIohexane and 7 -> a. 

trimethyldiiaminohexanefTMDA) nn.w , 2 ' 4 ' 4 ' 
sultabie po.vure.Hane J 3 ^ 3 

The mature of diamines is adkd in excess to the free NCO-» m , r 

the isocvana^e™ preLmer „ mat ~? " 

.he ,socvana,e-<em,ina,ed preaoivmer to the mix*,* of diamine components is , n TL 
of between ,:S and pre , 8rably in . range of baween ^ ^ ,*J -* « " 3 ^ 



art According to a preferred 
diamines dissolved in one of 



— wincu in tne 

embod.ment, the reaaion is carried out by adding the 
he solvents mentioned above to the reaction mixture. The 



lours. 



According ,o an especially >referre d embodiment of the invention, the mixfc, re of 
d,am,nes is added to <h e prep ,lymer in two separate steos In a fin* J 

90 C After reacng for a sunicien, amount of time, for exampie about 5 minutes ,o 1 

*v. ea m one of the solvents mentioned above is add^rf Ac * .j 
solvent ethylacetate is used fo both steps. 
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Optionally, the final product 
ethanoi, or an ester such as n 
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can be diluted in a solvent such as an alcohol, preferably 
propyl acetate, in order to obtain a clear solution. 



The thus prepared polyuretha le resin has a weight average molecular weight in the range 
of 20000 to 80000 g/mol, preferably between 25000 to 55000 g/mol. The resin is soluble 
in organic solvents comprising alcohols such as ethanoi. The resin according to the 
present invention preferably has a degree of urethanisation between 20 and 30%. Thus, 
the polyurethane resin of the p resent invention is characterized by an increased hardness. 



The polyurethane resin 
flexographic and gravure r 
low viscosity, thus is thinly 
in a Cup 4 at23°C or 80 to 



allocs the printing ink to be easily adjusted to the needs of 
printing. Such an ink is soluble in alcohols, e.g. in ethanoi, has a 
lie uid, with a viscosity preferably between 30 to 100 seconds 
350mPa's at 23°C 



Depending on the chemical 
nature of the reactands and 
adjustable to the needs of 



structure 



of the polyurethane resin and thus on the chemical 
heir respective ratios to each other the printing inks are 
different kinds of plastic substrates and/or application methods. 



res in 



Besides the polyurethane 
comprises components comm 
main components beside the 
and additionally additives 
Finntitan commcercially availa 



po 



such 



According to the present i 
example, ethanoi or isopropanbl 



according to the present invention, the printing ink 
only used for flexographic and gravure printing inks. The 
lyurethane resin are a white pigment, at least one solvent 
as wax. The white .pigment is preferably Ti0 2/ such as 
ble from Finntitan Oy. 



Hn-tfoe-pr-lntfag4nks^ ma y be used as a carrier for t he dye or 

pigment 



intention, commonly used solvents such as alcohols, for 
, may be used. 
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waxes 



generic term for the transition 



SSIC080EP-O300302.,3 Oc 



ly used additives may be added. Exampl, 



may be used. The use of at least 



es are surfactants, 
one wax additive is 



The term -film formi „ r „ ^ ^ ^ ^ 



09. Film forming is the 



r ota citing layer from the liquid to the solid eta** n 

formn g0 ccu re ^^o, P L^^, w 

invent U of the non-crosXs J'" 8 ^ ^ P °'— * *. present 
"Initial adhesion" is defined ai h^mo ,wu . 

"Drying, means substernal reLva. of the solvent from the layer. The latter Is one of rh 
rec.u.remen, mat me layer be omes solid. The residua, solvent In *e ^1 I t 
*an 10% by weight of the L g ht of me overa, solvent A ^ ^Ts £,T a 

=:b — - r -—a::- 1 



"Layer and -image" are usei 
images are in form of pictures, 
should not be limited by their 



to be adapted correspondingly. 



synonymously throughout the specification. Layers and 
wr,t,ng S/ overprints,(overprint varnishes) and their meaning 
lorm, extension and thickness. ° 



PP Lex.Kon, ed. U.Zoil, Georg Thieme Verlag Stuttgart, 1 998. 



to 
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The present invention further 
printed image, said method comprises the step of 



a) 



b) 



c) 



d) 



providing a printing 
polyurethane resin of 
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encompasses a method of producing a laminate carrying a 



ink comprising at least one organic solvent and at least one 
the present invention as at least one film forming binder and 
applying a layer to a first substrate by printing said printing ink provided in step (a) 
in a flexographic anchor gravure printing process to said first substrate 
removing said solvent from said layer applied in step (b) thereby drying and/or 
curing the layer 

applying an adhesive to the layer of step (c) and finishing the laminate by 
applying a second sufc strate on the adhesive. 



Preferably, the first and the [second substrates are of a plastic material, preferably of 
polyolefinic nature. The first and the second substrate can also be of different chemical 
nature like polyester or polyamide such as Nylon. 



According to the present inv 
conventional solvent-free 



ention, as an adhesive in this process can be used any 
ive or solvent-based adhesive. 



adhes 



The adhesives are applied to the layer according to conventional methods, for example by 
using a hand coater. Alcohol -based adhesives are preferably diluted with a conventional 
diluent before application. Preferably, a solution containing 20 % by weight to 80 by 

* weight to 60 by weight of the adhesive is prepared hereby. 



weight, more preferably 30 by 



In the case of those adhesives, 
said adhesive to the printed 



it is preferred according to the present invention to apply 
layer of a substrate, and then to finish the laminate by 
appIying~^~secof^ 

however, it is more preferred 10 apply said adhesive to an unprinted layer of a substrate, 
and then to finish the laminate by applying the printed layer of a second substrate to the 
adhesive- 

Further part of the present invention is therefore a laminate produced by the method 



mentioned hereinbetore. ut course, th e laminate c an a \ so be produced by e x truding the 
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ubstrate 



carrying the dried layer. This method does 



not call 



If necessary, the ink composition of the • 

resins, e.g. cellulosic resins aUc , * " * dm °™ 1 

S luiostc resins, afcryhc resins, polyvinyl chloride. 



les 



The present ,nvent,on is hereinafter further illustrated with rf>« ^ < 

examples. Unless otherwise irldicated all™ " 3 ° f non - ,I " liti "S 

nerw.se indicated, all percentages are weight percents 



A five-neck flask equipped with two additions funnels a , „ 

means,.an agitator and a theLometer was chared ^ introduction 
ethyl acetate and 1 5 i (0 1 Jc y i ^ ^ 3 m,XtUre ° f 822 § <*° wt-o /o) 

at an ^ T , 7 ^ ^ The m, ' Xture was thermostated at 25-C 
at an ag,tat,on velocity o 60 rpm and an nitrogen stream of 0 J* Th 

temperature was increased to 60°C anri , The 

,or>, . BU ^d a mixture of 719 ff nm? ^ * 

IPDJ and 0,45 g (0 03 wt-o/J-,^ K . fcl * g (1 ' 037 e q) of 

^ agitation jzzz £l:7L:27 ^ - added w ,h ° «•* 

eq, Poly-THF , 000 were ad X«r ^17, ] n ™ « <°' 592 

eq.) PDA n ethy. acefc te was added. After a reason time of 30 minute5 , so ' „ ^ 
Methanol were added to obta „ a polyu re thane solufon. '*>t00*t- 
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The resulting polyurethane 
Dry content: 3C 
Degree of Urethanisation: 26 
Mw: 



had the following characteristics: 



% 



4% 

20&00-45000 Da 



Example 2 : Preparation nf aw 



The final ink was prepared by 

White pigment (Ti0 2 , 

Solvents 

PE Wax 

Polyurethane resin of 
As solvents, methoxy propano 



+4l-n-9l38SSB 
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hrteiok 



mixing the following ingredients during 20 minutes 



Finntrtan RDI S) 



example 1 



34,0 wt.-% 
22 to 39 wt-% 

2,0 wt-% 
25 to 42 wt-% 



dehydrated ethanol and ethyl acetate were used. 
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Polyurethane resin obt; jnable by 

a) reacting an excjss of one or more aliphatic dilsocyanates with a group of 
■socyanate-reactjve components consisting of one or more polyether polyols 
each having anlaverage molecular weight in the range of not more than 
1 500 g/mol, and at least one diamine so as to obtain a prepofymer; and 
addmg a mixture of isophorone diamine and a second diamine selected 
from the group jonsisting of ethylenediamine, 1,2-diaminocyclohexane and 
2,2,4- or 2,4,4-* imethyldiiaminohexane (TMDA) in excess to the free NCO 
groups of the pre polymer obtained in step a). 



b) 



Polyurethane resin 
reactive component at 
weight of equal or less 



acct irding 



Polyurethane resin acc 
equivalent weights of d 
is in a range of between 
1,1:1. 



to claim 1, wherein in step a) as a further isocyanate- 
least one polyol having an having an average molecular 
than 800-g/mol is added. 



Polyurethane resin acco 
the second diamine to 
to 3:1 . 



Polyurethane resin 
equivalent weights of 
diamine components is 
1:1,1. 



ording to claim 1 or 2, wherein in step a) the ratio of 
isocyanate components to Isocyanate-reactlve components 
3,6: 1 and 1,1:1, preferably in a range of between 2:1 and 



rdlng to any of claims 1 to 3, wherein in step b) the ratio of 
iophorone diamine is preferably 10:1 to 2:1, especially 5:1 



according 



to any of claims 1 to 4, wherein in step b) the ratio of 
the isocyanate-terminated prepolymer to the mixture of 
in a range of between 1:5 and 1:1,1, preferably 1:4 and 
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6. Polyurethane resin according 
molecular weight in th^ 
to 55000 g/mol. 



7. Polyurethane resin acjco 
urethanisation between 



8. 



9. 



10. 
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to any of claims 1 to 5, having a weight average 
range of 20000 to 80000 g/mol, preferably between 25000 



rding to any of claims 1 to 6, having a degree of 
20 and 30%. 



Method of forming a pc lyurethane resin, comprising the steps of 

a) reacting an excess of one or more aliphatic diisocyanates with a group of 

ve components consisting of one or more polyether polyols 
average molecular weight in the range of not more than 
at least one diamine so as to obtain a prepolymer; and 

b) adding a mixture of isophorone diamine and a second diamine selected 
from the group consisting of ethylenediamine, 1,2-diaminocyclohexane and 
2,2,4- or 2,4,4-tumethyldiiaminohexane (TMDA) in excess to the free NCO 
groups of the prepolymer obtained in step a). 



isocyanate-reacti 
each having- an 
1 500 g/mol, and 



Method according to cl 
to the prepolymer in 



twb 



Method according to c aim 
about 50% of said mixture 
temperatures of betwee 
mixture of diamines are 



1 1 . Method accordmg~~to~ 

isocyanate-reactive component 
molecular weight of 



' equal 



aim 8, wherein in step b) the mixture of diamines is added 
separate steps. 



9, wherein in the first step approximately one third to 
of diamines is added to the prepolymer at elevated 
i 60 and 90°C, and in the second step the balance of said 
added at about 45-50°C 



1 my~of~claimT~8 TD"t0— wherein-in-step-a)~as-a-fuFther- 
at least one polyol having an having an average 
or less than 800 g/mol is added. 



12. Method according to any of claims 8 to 11, wherein in step a) the isocyanate- 
reactive components are added sequentially to the one or more diisocyanates. 
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13- A coating composition 
one polyurethane resiiji 
binder. 



14. Use of a polyurethane 
binder in printing inks 
substrate. 



15. 



Method of producing a 
the steps of 

a) providing a coating 
13; 

b) applying a layer to 
printing ink of step 



13 
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preferably printing ink, comprising a solvent and at least 
according to one of the claims 1 to 7 as film forming 



resin according to claims 1 to 7 as at least one film forming 
printing plastic substrates, preferably polyolefinic plastic 



laminate carrying a printed layer, said method comprises 
composition, preferably a printing ink according to claim 



^ a first substrate, preferably a plastic foil, by printing said 
a) in a flexographic and/or gravure printing process; 
c) removing said solvent from said layer thereby drying and/or curing said layer 
. obtained in step b), 

/e to the dried and/or cured layer obtained in step c) and 
producing the laminate by applying at least a second substrate, preferably a 
plastic foil, on the a dhesive. 



1 6. Laminate produced by the method of claim 1 5. 
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The present invention is related to a Polyurethane resin obtainable by a) reacting a 
excess of one or more aliphatic diisocyanates with a group of isocyanate-reactiv 
components consisting of oie or more polyether polyols each having an averag 
molecular weight in the range of not more than 1500 g/mol, and at least one diamine s 

iJ b) adding a mixture of isophorone diamine and a secon 



as to obtain a prepolymer; an 



diamine selected from the grcup consisting of ethylenediamine, 1 ,2-dlaminocyclohexan 
and 2,2,4- or 2,4,4-trimethyld iaminohexahe (TMDA) in excess to the free NCO groups < 
the prepolymer obtained in step a). 
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